Geometry – Unit 1


Comprehensive Curriculum

Concept Correlations

Unit 1:  Geometric Patterns and Puzzles

Time Frame:  Regular – 3 weeks

    Block – 1.5 weeks

	Big Picture: (Taken from Unit Description and Student Understanding)
· An introduction to inductive reasoning and applying inductive reasoning to extend a pattern and then find the rule for generating the nth term in a sequence will be mastered.
· Recognition of linear versus non-linear sets of data will be formed as well as justifying their reasons.  
· The application of counting techniques to solve real-life problems will also be mastered.


	Guiding Questions
	Activities

The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       

Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Write the equation of a line of best fit for a set of 2-variable real-life data presented in table or scatter plot form, with or without technology (A-2-H) (D-2-H) (Analysis, Evaluation)

5

Compare and contrast inductive and deductive reasoning approaches to justify conjectures and solve problems (G-4-H) (G-6-H) (Synthesis, Evaluation)

17

Show or justify the correlation (match) between a linear or non-linear data set and a graph (D-2-H) (P-5-H) (Application, Evaluation)

20

Interpret and summarize a set of experimental data presented in a table, bar graph, line graph, scatter plot, matrix, or circle graph (D-7-H) (Application, Evaluation)

22

Use counting procedures and techniques to solve real-life problems (D-9-H) (Synthesis)

24

Use discrete math to model real-life situations (e.g., fair games, elections) (D-9-H) (Analysis, Evaluation)

25

Generalize and represent patterns symbolically, with and without technology (P-1-H) (Analysis, Evaluation)

26

Translate among tabular, graphical, and symbolic representations of patterns in real-life situations, with and without technology (P-2-H) (P-3-H) (A-3-H) (Analysis, Evaluation)

27



	Concept 1:  Into to Geometry, Inductive Reasoning, Sequences, Mathematical Modeling

1. Can students give examples of correct and incorrect usage of inductive reasoning?

2. Can students use counting  techniques with patterns to determine the experiences to develop patterns for number of diagonals and sums of angles in polygons?

3. Can students state the characteristics of a linear set of data?

4. Can students determine the formula for finding the nth term in a linear data set?

5. Can students solve a real-life sequence problem based on counting?


	*1 – Inductive Reasoning (GQ 1)

	17
	

	
	*2 – Using Inductive Reasoning in Number and Picture Patterns (GQ 1)

	17
	

	
	*3 – Recognizing Linear Relationships in Table Formats

 (GQ 3, 4)

	5, 20, 22, 25, 26, 27
	

	
	*4 – Use a Formula to Find the nth Term in a Pattern (GQ 1, 3, 4)
	5, 17, 20, 26, 27
	

	
	5 – Figurate Numbers (GQ 1, 3, 4)

	5, 20, 22, 26, 27
	

	
	*6 – Applying Patterns and Counting to Geometric Concepts (GQ 2)
	5, 17, 20, 22, 24, 26, 27
	

	
	*7 – Round-Robin Tournaments (GQ 5)

	20, 22, 24, 25, 26, 27
	

	
	*8A – Using Venn Diagrams (GQ 5)

	24
	

	
	8B – Venn Diagram Challenge (GQ 5)
	24
	

	
	*9 – Permutations and Combinations (GQ 5)
	24
	


Unit 1 – Concepts:  Intro to Geometry, Inductive Reasoning, Sequences,

     Mathematical Modeling

GLEs

*Bolded GLEs are assessed in this unit

	Algebra

	5
	Write the equation of a line of best fit for a set of 2-variable real-life data presented in table or scatter plot form, with or without technology (A-2-H) (D-2-H) (Analysis, Evaluation)

	Geometry

	17 
	Compare and contrast inductive and deductive reasoning approaches to justify conjectures and solve problems (G-4-H) (G-6-H) (Synthesis, Evaluation)

	Data Analysis, Probability, and Discrete Math

	20
	Show or justify the correlation (match) between a linear or non-linear data set and a graph (D-2-H) (P-5-H) (Application, Evaluation)

	22 
	Interpret and summarize a set of experimental data presented in a table, bar graph, line graph, scatter plot, matrix, or circle graph (D-7-H) (Application, Evaluation)

	24 
	Use counting procedures and techniques to solve real-life problems (D-9-H) (Synthesis)

	25 
	Use discrete math to model real-life situations (e.g., fair games, elections) (D-9-H) (Analysis, Evaluation)

	Patterns, Relations, and Functions

	26 
	Generalize and represent patterns symbolically, with and without technology (P-1-H) (Analysis, Evaluation)

	27 
	Translate among tabular, graphical, and symbolic representations of patterns in real-life situations, with and without technology (P-2-H) (P-3-H) (A-3-H) (Analysis, Evaluation)


	Purpose/Guiding Questions:

· Give examples of correct/incorrect usage of inductive reasoning

· Use counting experiences to develop patterns

· State characteristics of a linear set of data

· Determine the formula for finding the nth term in a linear data set 

· Solve real-life sequence problems based on counting


	Key Concepts and Vocabulary:

· Inductive reasoning

· Counter-example

· Sequences – nth term, formulas

· Counting techniques/principles, number patterns

· Regression equation

· Permutations & Combinations


	Assessment Ideas:

· The student will create a variety of scenarios in which he/she make conjectures using inductive reasoning. 
· The student will create portfolios containing samples of his/her activities. He/she should create some of his/her own patterns and exchange them with the other students in class and include them in his/her portfolio explaining whether the other students were able to determine their patterns and if they were able to figure out patterns made by others.

· The student will respond to prompts to be answered in the math learning logs (view literacy strategy descriptions) and explain his/her ideas. For instance:

· Given the following pattern, explain how you would determine the formula for the pattern and how you would find the 35th term.

· Explain the difference between a permutation and a combination and give an example of each.

Activity-Specific Assessments:  Activities 2, 3, 4, 7


	Resources:

Glencoe 1.1, 2.1, 6.6, 8.1

PLATO Instructional Resources:

· GLE 17: 

· Geom & Meas 2-Intro to Geom; Post & Thms           

· GLE 20:  

· Alg I Part 1–Intro to Functions; Square roots of perfect squares; Square roots of imperfect squares

· GLE 22, 27:  

· Data Skills           

· GLE 24:   

· Alg 2 P1-Probability           

· APSB 1: 

· Geom & Meas 1-Geom-Special Angles Part 1           

· Geom & Meas 1-Geom-Special Angles Part 2           

· Geom & Meas 2-Intro to Geometry          



	Materials Needed: 

· Graphing calculator 




Instructional Strategies
Note:  Essential Activities are denoted by an asterisk (*) and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 1: Inductive Reasoning (GLE: 17) (CC Activity 1)

Materials List: pencil, paper

· The purpose of this activity is to provide students with the definition of inductive reasoning and to have them recognize when inductive reasoning is used in real-life situations. Provide the definition of inductive reasoning and give an example of inductive reasoning that students may encounter on a day-to-day basis (e.g., the mailman came to my house every day at noon for five days in a row. I deduce that the mailman will come today at 12 P.M.).  Discuss the fact that one counter-example is sufficient to disprove a conjecture made when using the inductive reasoning process (e.g., the mailman came today at 3 P.M.). 

· Ask students to give other real-life examples. Provide students with a variety of scenarios in which students can make a conjecture using inductive reasoning. Have students identify situations in which inductive reasoning might be used inappropriately (e.g., matters of coincidence rather than a true pattern). 

*Activity 2: Using Inductive Reasoning in Number and Picture Patterns (GLE: 17) (CC Activity 2)  

Materials List: pencil, paper, Extending Number and Picture Patterns BLM

· Before discussing patterns, have students complete a modified SPAWN writing (view literacy strategy descriptions) based on their knowledge of patterns from previous courses. SPAWN is an acronym that stands for five categories of writing options—Special Powers, Problem Solving, Alternative Viewpoints, What If? and Next. Using these categories, teachers can create prompts that promote critical thinking related to the topic. If teachers want students to anticipate what will be learned, they could use the Problem Solving or Next prompts. If teachers want students to reflect critically on the topic just learned, they would use Special Powers, Alternative Viewpoints, or What If? prompts. 

· In this particular activity, using the Next category, give students the following prompt:


Given the pattern _____, -6, 12, _____, 48, ...answer the following exercises:


a.
Fill in the missing numbers.


b.
Determine the next two numbers in this sequence.

c.
Describe how you determined what numbers completed the sequence. Be sure to explain your reasoning.

d.
Are there any other numbers that would complete this sequence? Explain your reasoning.

· Students will have to think critically to determine which numbers make the sequence work. Some will create a linear pattern while others will create a non-linear pattern. Having students complete this pattern requires them to anticipate what they will be learning in the lesson about patterns and sequences.  It will help the teacher demonstrate the difference between linear and non-linear data. Students should include these writings in their math learning logs (view literacy strategy descriptions). A learning log is a notebook that students keep in order to record ideas, questions, reactions, and new understandings. Documenting ideas in a log about the content being studied forces students to “put into words” what they know or do not know. This process offers a point of reflection and can help the teacher determine whether there are misunderstandings or if students grasp the material. Students should keep their learning logs in a separate section of their binders or composition notebooks.

· Solution: There are two patterns. First solution: a.) 3, -6, 12, -24, 48; b.) the next two numbers are -96 and 192; c and d.) See students’ explanations. The descriptions should include a discussion about using opposite operations to find the missing numbers. Second solution: a.) -24, -6, 12, 30, 48; b.) the next two numbers are 66 and 84; c and d.) Same as the first solution.

· After completing the SPAWN writing, allow students to use inductive reasoning to find the next number or picture in a sequence. Additionally, students will indicate verbally or in writing the process for generating the next item. Use the Extending Number and Picture Patterns BLM to provide practice exercises in each of these strategies, starting with fairly simple problems and progressing to more challenging problems. 
· Take time at the end of the activity to review the students’ responses to the SPAWN writing to help students see the connection between their answers and the activity. 

	Activity-Specific Assessment

Have the student create a variety of number or pictorial sequences. Each sequence should require the use of inductive reasoning to find the next number or picture in the sequence. Additionally, the student will indicate, orally or in writing, the process for generating the next item. The students will also state the rule for generating the nth term in each sequence.




*Activity 3: Recognizing Linear Relationships in Table Formats (GLEs: 5, 20, 22, 25, 26, 27)  (CC Activity 3)

Materials List: pencil, paper, graphing calculator or access to Microsoft Excel™, graph paper, Linear or Non-linear BLM, Using Rules to Generate a Sequence BLM

Teacher note: Information for activities 3 and 4 can be found in most Algebra I and/or Algebra 2 textbooks. While this skill should have been mastered in Algebra 1, the review is used to help students distinguish the difference between inductive and deductive reasoning (GLE 17). 

· Using the Linear or Non-linear BLMs, have students complete a modified opinionnaire (view literacy strategy descriptions) before discussing the definition of linear. Opinionnaires are used to promote critical understanding of content area concepts by activating and building on relevant prior knowledge. They are used to build interest and motivation to learn more about the topic. Opinionnaires are used to force students to take positions and to defend their positions. The emphasis is not on the correctness of their opinions but rather on the students’ points of view.

· For this activity, the opinionnaire has been modified to present students with different representations of patterns which are both linear and non-linear. The patterns on the Linear or Non-linear BLM are given as rules (equations), tables, and sequences. Have each student complete the modified opinionnaire by placing a check in the column indicating whether he/she believes the given sequence is linear or non-linear. This should happen before any discussion of the definition of linear begins. The goal is to have the students express their ideas about what it means for a pattern to be linear. This could lead to the students developing their own definitions that the teacher can build upon throughout the following lessons. Do not discuss whether students are correct or not at this point. The focus is on giving them a voice about the content, not whether their answers are correct. Have students retain the BLMs in their math learning logs (view literacy strategy descriptions).The students will need the completed BLMs for a discussion in a later activity.

· After completing the modified opinionnaire, have students work in groups to generate terms in a sequence using a given rule or function. 

· The purpose of this activity is to develop the strategy of looking for common differences between values to determine if a relationship is linear. This strategy will be used in future activities to generate the rule for finding the nth term in relationships that are linear. Use the Using Rules to Generate a Sequence BLM to provide students with practice.
After performing several exercises, groups should determine that the common difference is the same as the coefficient for n.

Discuss the differences between the data sets to determine what makes a data set linear or not linear.

· The skills listed in the following activity will review concepts that were mastered in Algebra I. Have students work in pairs and provide each pair of students with a graphing calculator or access to a Microsoft Excel on a computer.

· Using the available technology, have students

·  plot the terms and values as ordered pairs for each of the examples, using the term numbers as the x-coordinates and the values as the y-coordinates (term, value).
· generate the equation of the line of best fit.

· recognize the relationship between the terms and values to be linear or not linear. 

· explain the relationship between the rule or function in the original problem and the equation of the line. 

· recognize the relationship between the common difference, the coefficient of n, and the slopes of the lines.

· determine the next two or three values using the common difference rather than the function or rule.

· Ask students to perform similar tasks using pencil and paper so that they may review manual methods of writing linear equations for a data set.

· For additional practice, provide small groups of students with different data sets. Some data sets should be non-linear. During a reporting session, have groups explain how they determined whether or not their data set was linear. For linear data sets, students should give the equation of the line and indicate the steps used in determining the equation.

	Activity-Specific Assessment 

The student will use a graphing calculator to plot table entries for a given non-linear sequence in order to determine the regression equation for the data set. 



*Activity 4: Use a Formula to Find the nth Term in a Pattern (GLEs: 5, 17, 20, 26, 27)
 (CC Activity 4)

Materials List: pencil, paper, graphing calculator or access to Microsoft ™, graph paper, generating the nth Term for Picture Patterns BLM

· This activity ties activities two and three together. Present a number pattern that is linear in nature to the class, but do not give them a table or formula. Using the techniques from the previous activities, ask students to generate the formula which describes the relationship of the linear data. 

· Examples are:

· 1, 3, 5, 7, 9, … Find the 20th term. Solution: Students should realize that writing out terms through the 20th will take a while. If they assign each term a number to represent n (1 for first term, 2 for second term, 3 for third term, etc.) they can then apply the technique of plotting points, generating the equation for the line of best fit, then finding the 20th term. The formula is 2n – 1. The 20th term is 39.

· 4, 8, 12, 16, 20 … Find the 100th term. Solution: Formula 4n; 100th term 400
· 4, 9, 14, 19, 24, … Find the 67th term. Solution: Formula 5n-1; 67th term 334
· Students should also be required to develop the formulas without the use of technology.

Students should also be required to generate the nth term for picture patterns. Use the Generating the nth Term for Picture Patterns BLM for examples. 

	Activity - Specific Assessment

 Have the student create a variety of number or pictorial sequences. Each sequence should require the use of inductive reasoning to find the next number or picture in the sequence. Additionally, the student will indicate, orally or in writing, the process for generating the next item. The students will also state the rule for generating the nth term in each sequence.




Activity 5: Figurate Numbers (GLEs: 5, 20, 22, 26, 27) (CC Activity 5) (Optional)

Materials List: pencil, paper, graphing calculator, Square Figurate Numbers BLM, Rectangular Figurate Numbers BLM, Triangular Figurate Numbers BLM

· In this activity, students will generate the formulas for finding the nth term in a square, rectangular, or triangular number pattern. Each of these is a non-linear number pattern. Figurate numbers are numbers that can be represented by a regular geometrical arrangement of equally spaced points. They may be in the shape of any regular polygon, or other geometric arrangements. Each set of figurate numbers represents a distinct non-linear pattern. This activity concentrates on geometrical figures students are familiar with which aid in finding the algebraic rule for finding the nth term. 

Teacher note: More information can be found through a search on Yahoo! or Google.
Square Numbers

Use the Square Figurate Numbers BLM to present the following diagram.

[image: image13.png]



· First, have students translate the picture pattern into a number pattern by counting the number of dots in each figure. The number pattern is 1, 4, 9, 16, 25…. Ask the students if the pattern is a linear one. They should tell you that the data cannot be linear since the difference between values is not constant. Some students may recognize immediately that the numbers are perfect squares, but many will not unless the teacher provides leading questions for class discussion. If needed, ask students why the picture pattern is called a square number pattern. 

· Lead students to recognize that the dots form squares and that the number of dots in each square is the same as the area of the square. It may be necessary to ask them what is meant by the term perfect square before students understand that the numbers in the number sequence are the squares of the counting numbers (
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); therefore, the formula for generating the nth term is 
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· Have students recognize that it is important to know the characteristics of linear data sets (common difference between each two terms) in order to quickly identify those that are non-linear. 

· Have students enter the data from the picture pattern into their graphing calculators and create a scatter plot [i.e., (1,1), (2,4), (3, 9) (4, 16) (5, 25) (6, 36)]. Students may need to make a chart like the one below in order to determine what ordered pairs to use.

	Figure
	1
	2
	3
	4
	5

	# of Dots


	1
	4
	
	
	


· Determine that students understand that the scatter plot is the graphical representation of the non-linear data set in the same way that the graph of a line is the graphical representation of a linear data set. Guide students through the process for generating the regression equation for the data set. Help students make the connection between the regression equation, 
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, and the rule for generating the nth term in the square number pattern, 
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Rectangular Numbers

Use the Rectangular Figurate Numbers BLM to present the following diagram.
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Have students:

· Write the number pattern that is created when counting the dots in each figure. Solution: (2, 6, 12, 20, 30)

· Determine if the number pattern is linear or non-linear by using the characteristics of linear data sets. Do not allow students to use the scatter plot feature on their calculators to determine this. Instead, have students indicate that the differences between each pair of numbers is not the same (i.e., the differences are 4, 6, 8, 10…,); therefore, the data cannot be linear

· Use their graphing calculators to determine the regression equation once they have determined that the pattern is non-linear. Solution: y = x2
· Indicate how the equation relates to the number pattern and how the equation can be used to determine the number of dots for any figure in the picture pattern. Solution: If n represents a given figure, the number of dots for that figure is 
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. Each rectangle has a width the same as the figure number and a length which is one greater than the width; therefore the number of dots needed for any figure is the same as the area of the rectangle, n(n+1), where n is the width and the length is one more than the width.
Triangular Numbers

Use the Triangular Figurate Numbers BLM to present the following diagram.

[image: image15.emf]
· Have students make a chart similar to the one below in which the student enters the number of dots needed to make each figure. Ask them to follow the procedure outlined above to determine whether the relationship is linear or non-linear and then to generate the regression equation.

	Figure
	1
	2
	3
	4
	5

	# of Dots

(Triangular #)
	
	
	
	
	


Teacher Note: The number pattern is 1, 3, 6, 10, 15…. Some students may recognize that they can add 2 to the first value to get the second value, add 3 to the second value to get the third value, etc. They will want to say that the rule is to add the next whole number to the previous one. They need to understand that this indicates that the pattern is not linear, since the difference between values is not the same. Lead them to understand that this pattern cannot be the formula or rule for generating the nth term since the pattern they see is based upon knowing a previous term. 

· The formula for generating the nth term is 
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. The computer will show the regression equation as 0.5n2+ 0.5n. Notice that this is half of n(n + 1) which was the rule for the rectangular numbers. Show students that the triangular number pattern could also be drawn as
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· Each of the patterns above is one-half of each of the rectangles below.
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Therefore, if the area of the rectangle is n(n+1), the area of the triangle would be half as much.

· Provide students with a variety of number patterns, some linear and some non-linear, with which to practice their skills. Activity 6 gives an example of some geometric situations in which these skills must be applied.

· At this point, have students refer to the Linear or Non-linear BLM completed in Activity 3. The teacher should have the students decide whether their first instincts were correct. The teacher should lead a discussion about which patterns are linear, and how the students know they are linear using the terminology and strategies presented in Activites 3, 4, and 5. 

*Activity 6: Applying Patterns and Counting to Geometric Concepts (GLEs: 5, 17, 20, 22, 24, 26, 27) (CC Activity 6)  

Materials List: pencil, paper, graphing calculator

· Have students engage in a discussion about the sum of angles in various polygons, recognizing that if all possible diagonals are drawn from one vertex, the sum of the angles in the resulting triangles is the same as the sum of the angles in the polygon. Have students identify a pattern and use the pattern to write the formula for finding the sum of the angles in an n-gon,
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. This is a linear relationship. Ask students to determine the formula without a graphing calculator and allow them to verify their results using the calculator.

· Students should also discuss the total number of diagonals which can be drawn in a polygon. Have students draw the diagonals in a triangle, quadrilateral, pentagon, hexagon, and heptagon. Ask students to identify a pattern and use the pattern to determine the number of diagonals in other polygons. They should recognize that it is not linear and explain how they know it is not linear. Have students create a graph using the data collected and generate the formula using the regression equation function on a graphing calculator.

*Activity 7: Round-Robin Tournaments (GLEs: 20, 22, 24, 25, 26, 27) (CC Activity 7)  

Materials List: pencil, paper, graphing calculator

· The purpose of this activity is to use modeling or counting principles to determine answers to real-life problems. Examples: 
· How many games need to be scheduled for six teams to play each other once? 

· How many handshakes would take place among ten people if each person shakes hands with every other person?
· How many phone calls can be made between two people from among a group of five friends?
· Encourage students to use various strategies for solving these problems. One technique is to model the situation by drawing and counting the diagonals in a polygon with the same number of sides as the number of teams or people. A second technique is to make lists showing all the possible combinations. Another technique is generating a formula by making a chart based upon how many handshakes would be needed for two people, three people, four people . . . n people. Prompt students to determine that reasoning is a valid process—each team plays every team except itself, but you need to divide by 2 to eliminate the duplicates (A playing B is the same as B playing A). 

· When determining the formula for answering each question, have students determine if the data is linear or not without using the graphing calculator. The regression equation function on the graphing calculator should be used to determine the formula only if the data is non-linear. 

	Activity - Specific Assessment

The student will participate in a simulation exercise to determine a tournament schedule for their district, regional or state high school baseball team, basketball team, etc.




*Activity 8A: Using Venn Diagrams (GLE: 24) (Teacher-Made Activity)

Give each student one post-it and instruct them to write their names on the post-it note.  Have the students place their note in the proper area on a large, poster-size Venn diagram with 3 unrelated categories, such as “Wearing a  (color)  shirt today;” “Has a dog;” “Plays a school sport.”

Repeat this activity, letting the students choose 3 categories.

Activity 8B: Venn Diagram Challenge (GLE: 24) (Teacher-Made Activity) (Optional)

*Use a Venn diagram to organize the information and to determine how many students do NOT participate in any of these activities.

1) Forty students are in the 7th grade class at Morris Middle.

15 of them are in the band

18 of them take art

24 of them are in chorus

5 of them are in the band and take art

8 of them are in the chorus and take art

13 of them are in the band and in the chorus

4 of them are in the chorus, take art, and play in the band

*Use a Venn diagram to organize the information and determine how many students visited NONE of the three sites.

2) Seventy-five students have just returned from a class trip to Washington, D.C.  The students visited the following sites:

Twenty students visited the Washington Monument

Thirty-five students visited the White House

Fifteen students visited the Kennedy Center

Ten students visited the White House and the Kennedy Center

Eight students visited the Washington Monument and the White House

Six students visited the Washington Monument and the Kennedy Center

Four students visited all three sites

*Activity 9: Permutations and Combinations (GLE: 24) (CC Activity 8)  

Materials List: pencil, paper, scientific calculator (minimum)

Teacher note: Information on permutations and combinations can be found in most Algebra 1 and/or Algebra 2 textbooks. This activity reviews combinations and permutations and extends the students prior knowledge to include circular permutations which have not been included in prior grades. 

· The purpose of this activity is for students to apply the concepts of permutation and combination covered in previous grades to geometric situations.

· For example:

A. How many ways can 3 books be arranged on a shelf if they are chosen from a selection      

     of 8 different books? 

Solution: 336

B. How many committees of 5 students can be selected from a class of 25? 

Solution: 53, 130

· First, review simpler problems whose answers can be determined by making lists or tree diagrams. For example, how many different ways can you write the name of a triangle whose vertices are A, B, and C. The possibilities are




ABC
ACB




BAC
BCA




CAB
CBA

One way to think about this is that for any vertex that you start with, there are two different possible names. So three vertices times two names each is six possibilities.

Another way to think about this is that there are 3 positions to fill when naming the triangle. You have 3 vertices from which to choose for the first position, but only 2 remain as choices for the second position. 

Once the second position is filled there is only one vertex remaining with which to fill the last position. Review with students that 3! or 3 x 2 x 1 = 6 which is the same as the number of possible names. 

This is a concept taught in Algebra I. Give a few more examples in which the total number of combinations can be determined.

· Relate the idea of determining how many choices one has to fill a position on the bookshelf to Problem A: How many ways can 3 books be arranged on a shelf if they are chosen from a selection of 8 different books?

There would be 8 ways to fill the first position, 7 ways to fill the second position, and 6 ways to fill the third position. 8 x 7 x 6 = 336. In situations where order is important (e.g., ABC is different than ACB), the number of possibilities is called a permutation.

For situations in which order is NOT important (i.e., ABC and ACB would be considered duplicates since they are the same three letters), the number of possibilities is called a combination. To know the number of combinations of 3 books that can be put on the shelf, take into account how many arrangements would be considered to be the same for each set of 3 books. This is 3! or 6, so dividing 336 by 6 is 56. There would be 56 different combinations to put on the shelf. In other words, one could display a different combination of 3 books for 56 days before he/she would have to repeat a set.

Have students discuss problem B. First, have them determine if the problem requires a permutation or combination and then solve the problem accordingly. Ask students if a committee of John, Sue, and Mary is the same committee as Sue, Mary and John. (yes)

· It may be appropriate to use the permutation formula, 
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, and combination formula, 
[image: image9.wmf]!

(,)

()!!

n

Cnr

nrr

æö

=

ç÷

-

èø

, with some classes; however, the teacher should guide the students through the development of these formulas using counting, listing, etc. The use of the formulas can be an extension of the lesson.

· Provide students a variety of problems to work. It is better for some students to think through the position process. For those who have had more experience, the use of the formula is acceptable when solving such problems. Whether the formula is introduced and/or used should depend upon prior experience and knowledge of students in the class.

· Introduce the class to circular permutations to answer such questions as:  How many ways can n people sit at a round table? 

If one of the chairs is designated as the "head" of the table, then the answer is n!. Any of n people sits at the head of the table, and the permutation proceeds in a clockwise direction. In this situation, it doesn't matter who sits at the head. In this case everyone could be sitting in the same relative order (ABCD, BCDA, CDAB, DABC for four people at the table) but seated in different chairs (A sits in position 1, then position 4, then position 3, then position 2 but A is always next to B, who is next to C, who is next to D). Therefore, for n people there would be n duplicate arrangements. So n! divided by n duplicate arrangements results in 
(n-1)! permutations if there is no designated head position in the circle.

Have students draw all arrangements for some simple problems to help them understand the process. For example, how many permutations are there for 3 people sitting at a round table? for 4 sitting at a round table? for 5? Then repeat the same process with the idea that one place is designated as the head position.
The following example shows a real-life application of a circle permutation.

A disk jockey is setting up some CDs to play during his shift. He can put 6 different CDs on the tray. How many different ways can the discs be arranged?

In this instance, once the discs are arranged in a circle, that same arrangement can be rotated. The discs are in different positions, but the arrangement is the same (If you label them ABCDEF and rotate it so that it is now FABCDE, the discs are still in the same relative order). Lead the students in a discussion to find that, in this case, 6 of the arrangements are the same so the permutation is 
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· Students should then generalize the concept so that any circular permutation without a fixed point is 
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; with a fixed point, the permutation is n!.

· Examples

A. How many ways can 8 campers be seated around a campfire? Solution: 5040
B. How many ways can 3 books be placed on a shelf if chosen from a selection of 7 different books? Solution: 210
C. Find the total number of diagonals that can be drawn in an octagon. Solution: 20 (this is a combination taking 8 points 2 at a time—however, since 8 segments are the sides of the figure, those 8 must be subtracted from 28 which is the number obtained from the formula).
D. Given 7 distinct points in a plane, how many line segments will be drawn if every pair of points is connected? Solution: 21
E. Suppose there are 8 points in a plane such that no three points are collinear. How many distinct triangles can be formed with 3 of these points as vertices? Solution: 56
F. How many pentagons can be formed by joining any 5 of 11 points located on a circle? Solution: 462
At the conclusion of this activity, students should respond to the following prompt in their math learning logs (view literacy strategy descriptions):

Describe the difference between a permutation and a combination. In your description, you should discuss the formulas, as well as, how you decide when to use a permutation or a combination. Include an example of each type and show how you would solve the problem. Explain why you chose to work each problem as either a permutation or combination.

Sample Assessment Items
Constructed Response

For all constructed response questions, be sure to do the following:

1. Fully explain your thoughts

2. Neatly show all work!

3. Circle answers when necessary 

CR #1

Marcel is tracking sales at his father’s business.  The table shows the net sales(y) per month (x).

	X
	Y

	0
	$800

	1
	$950

	2
	$1,100

	3
	$1,250


A. Is the data above linear?  Why?

B. Write an equation that represents the data in the chart.

C. If you were to graph the equation, what would be the slope and what would be the y-intercept of the line?

D. Graph the data.

E.
      Sales for the fourth month are $1,500.  Is the equation still linear?  Explain.

Multiple Choice

1.
Rita put some hummingbird feeders in her backyard.  The table shows the number of hummingbirds that Rita saw compared to the number of feeders.  

Which equation best describes the relationship between h, the number of hummingbirds, and f, the number of feeders.

A) h = 2f +1 *

B) f = 2h +1

C) h = f +2

D) f = h +1 +1

                   2

2.  Juan’s little brother built the tower shown below.  Juan counted that there were 110 blocks left  

on the floor.  Following the same pattern, how many layers high could the tower have been built?

A) 3 layers

B)  6 layers *

 


C)  12 layers

D)  18 layers

Deductive Reasoning Challenge (Optional)

  The diagram below shows some of the results of a seven-person contest. 
    When the contest is over, each person will have played one match against 
    every other person. (Not all matches have been played yet.) 

An arrow pointing from one player to another means that the first player 
defeated the second player in their match. For example, player 1 defeated 
player 3 in their match.

Each player has 2 matches left to play.


Which player has the most difficult matches left to play?

• 
Organize your results in a way that helps you look for patterns and 
helps explain your answer. You may want to draw a diagram or make a 
table.

• 
Explain the reasons for your answer using information from the 
diagram.

Answer:

	W

L

W

L

W

L

1

3

7

2

4

3

3

2

1


4

5

6

7

5

5

W

L

W

L

W

L

4

1

2

5

3

6

6

2

4

1

1

2

7

7

5

W

L

7

1

6

3


4



	
Player six has most difficult matches left to play, because players 1 & 7 won over 

	player #4, but player 6 couldn’t beat 4, so that means 1 & 7 are going to be difficult for 

	6 to beat.

	Which player has the most difficult

remaining matches left to play? 
6




Annotated Example of a 1-point response for question number 13 (continued):

Annotations:

The response organizes little information to construct a solution and justifies results using evidence from the problem by completing a chart with the win/loss records of all seven players, one error occurring with the record of player 5. The response, which neglects to show the remaining opponents for all seven players, chooses a player but misidentifies that player’s remaining opponents, and justifies the choice with an incorrect statement. The response earns one point. 
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* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
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